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" Refuse Furnaces." 
By GEORGE WATSON, Assoc. M. Inst. C.E. 

IN the following Paper  the subject of refuse destructors  is con- 
sidered in reference to three  typical  installations of the  Horsfall 
type, a t  Oldham, Edinburgh  and Bradfur,]. 

The  term " Town Refuse " is  generally  applied  to  the  rubbish 
collected from dwelling-houses, markets, slaughter-houses,  shops 
and factories. Its  nature  varies  widely in different  towns, and 
in different  localities in  the same  town, as  well as with  the season 
of the year. The refuse of Leeds and Oldham,  for example, which 
is collected chiefly from large ash-pits, measures about 40 cubic 
feet to  the ton, a considerable portion  consisting of cinders. At 
Edinlnugh, on the  other  hand,  where  it is collected dry daily, and 
is mixed with a certain  quantity of street sweepings, i t  measures 
80 cubic feet to the ton. The  amount of labour required  depends 
more upon the  bulk of the  material  than upon its weight, and 
1 ton of wet  and  heavy refuse may  require  the application of only 
half the  amount of work  that 1 ton of light  and  bulky  material 
demands. 

The  temperature  required for the  destruction of septic poisons 
in the products of combustion, and  therefure  the minimum below 
which the gases escaping from the main flue must  not be allowed 
to fall, has been stated  by Professor Wanklyn,  and others, to  be 
about 1,260" F. The  fluctuations of temperature,  due  to  the  inter- 
mittent  nature of the operations, require the average temperature 
to be  considerably higher,  even where only  the  proper cremation 
of the fumes is aimed at.  But when it is possible to  utilize  the 
heat of the  waste gases, it becomes important  to realize the  highest 
attainable  temperatures;  and it seems likely that arrangements 
will be  made  for the development of the whole of the  available 
energy in most of the  destructor  installations  undertaken in  future 
in the  United Kingdom. 

Town refuse  contains, as a ~ u l e ,  only  one-third  by  weight of 
combustible matter ; one-third  being  moisture, and the  remainder 
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is inzombustible, and  is  withdrawn from the furnace  as  clinker. 
Not only is the residuum  non-productive of energy, but  in  drawing 
i t  red hot from the  furnace a considerable amount of hoat is lost; 
this  has been estimated by Messrs. T. S. McCallum and W. Naylor, 
Assoc. M. Inst. C.E.,l for the case of Royton, Lancs. (where there 
is 46 per cent. of residuum), a t  34 thermal  units  per pound of 
refuse,  even when  the  clinker was  allowed to cool in  the  ash-pits 
to 500' F. If   i t  be withdrawn  at 1,800' F. the loss is correspond- 
ingly  higher.  They  state  the specific heat of clinker at  0.17, and, 
the final temperature being, say, 6'1" F. the  heat lost by  the  with- 
drawal of the residuum  (when,  as is usual  with  the furnaces about 
to be descrihed, it does not exceed 33 per  cent.  by  weight)  at 
1,800' F. may be  taken  as 97 B.T.U. per pound of refuse. Again, 
the  moisture in the refuse has  to  be evaporated, and  the  heat 
required for this purpose robs the  furnace of approximately 
265 units more per pound of refuse. The  heat required to raise 
thevapour  to  the  temperature of the  furnace  is  largely recovered 
on its passing  through  the boiler. The formation and  burning of 
water-gas  probably does not  take place with most of the  water 
evaporated from the  refwe, but only with  the  steam of the blast 
which  actually passes through  the  burning fuel. The same 
authorities  found by calorimeter tests that  the refuse of Royton, 
as collected, developed 997 thermal  units  per pound. A large 
amount of unburned carbon was found in  the clinker. The 
cinders, which form the most valuable  part of the rubbish, from a 
heat-raising  point of view, are  apt  to become surrounded with fine 
incombustible dust, which clogs the fire and  protects  them from 
its action. Wherever  the refuse is poor and  dusty,  the perform- 
ance is rendered still worse by  the difficulty of getting  the fire to 
reach  the cinders. 

In   the  furnaces to be  described the  attainment of high temper- 
atures  has been secured by  the combustion of refuse alone, without 
the use of extraneous  fuel. The Author's  experience with these 
furnaces  has been gained  in towns with  such  varying circum- 
stances  as  those  prevailing  in Oldham, Hamburg,  Edinburgh  and 
Bradford. To secure sufficiently high  temperatures,  not  only is 
actire combustion, resulting from a strong  draught, necessary, but 
there  must  not be too large a  volume of air  admitted  into  the 
furnace, either  through  the grates, or  through  the  charging  and 
clinkering openings. The amount of working  required  in  the 

Paper read before the Association of Municipal  Engineers. Surveyor, 5 July, 
1895. 
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furnace involves large openings into  it,  either  at  the  charging 
or  clinkering end, during  not less than  one-sixth of the whole 
time  the  furnace is in operation ; and it has been found that a 
strong  natural  draught  draws in such volumes of cold air throngh 
these  openings as to  krep  the  furnace  constantly a t  a low temper- 
ature. Mr. William  Horsfall, of Leeds, recognized this fact, and 
in  the  Horsfall furnaces forced draught is applied,  while natural 
draught is reduced to a  minimum. For  this purpose fans were 
first employed, but  they were soon abandoned in f;bvour  of steam- 
jsts,  and  though  the former have since been found more suitable 
for certain  kinds of refuse, the  latter have been applied in the 
larger  number of instances. Wherever  the refuse is sufficiently 
rich i n  carbon to  maintain  constantly a sufficiently high tempera- 
ture  to decompose the steam, and  to form water-gas in  the furnace, 
then steam-jet forced draught is preferred to fan  blast, in  spite of 
the  fact  that,  with  the same expenditure of steam,  considerably 
more air can be  delivered by means of an efficient fan  than  by even 
the most improved jet  apparatus.  The effect of the formation of 
water-gas in  the  furnace is no doubt of great  value  in  carrying 
forward the combustion of the gases t o  a  point in  the system a t  
which  they  have become thoroughly mixed. The  water-gas  is 
formed during  the passage of the steam through  the incandescent 
fuel on the  grate;  and its combustion takes place in  due se- 
quence,  considerably further in the course of the  products of com- 
bustion. Thus  waste  unburned gases are reached and  burned 
which would otherwise escape. Clear flames 25 feet  long from 
the surface of the fire are  often observed in  destructors of this 
type  with  steam blast. Further,  certain gases combine better  in 
the presence of vaponr of water a,nd of water-gas  than alone. 
Tests made a t  Oldham, in 1896, with  the old style of round 
nozzles, showed an  expenditure of 270 lbs. of steam per cell per 
hour to give  the  required  air-supply of 600 cnbic feet, or 47 lbs. 
of air  per  minute at a pressure of 18 inch of water. Experiments 
extending  over  short periods at  Hamburg  with flat nozzles showed 
about 88 lbs. of steam  per  cell per hour. The  amount of steam 
used can only be kept moderate by  very careful  adjustment. In  
practice a  steam  consumption of about 100 lbs. per cell  per hour, 
when  burning  up  to 10 tons per 24 hours, ought  not  to be  ex- 
ceeded. In the 36-cell Horsfall  destructor a t  Hamburg,’ both 

“The Municipal Burning Works for Refuse on the Bullerdeich  at 
Hamburg,” by F. Andreas Meyer, Ober Ingenieur, Hamburg. Deutsohe 
Vierteljahrschrift fur offentliche Gesundheitspflege, vol. xxix., part 3, 1897. 
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steam-jets and  fans were installed,  and  after  careful  trial, it was 
decided to use the fans, which were found  to  require much  less 
steam. While  the  amount of steam  required  for  the  jets  was 
about S$ I.HP. per cell, in  ordinary working, the fan  was  found 
to  require less than 1 I.HP. per cell. At  Hamburg  the refuse is 
SD poor in  carbon that probably the water-gas effect, previously 
referred to, does not  exist,  and, consequently, one of the  main 
a,dvantages of the steam-jet apparatus fails. 

Analyses of the gases in a similar furnace, under  natural  draught 
and  under  the action of steam-jets, show that  the steam draught  has 
a powerful effect upon the combustion. The  amount of carbonic 
acid without  steam is only 2 Fer cent., whilst  with steam half on 
i t  is 9 per cent., and  with  steam  full on it  is 14.5 per cent. 

The  greater  part of the  vapour of water  given off by  the refuse 
i n  drying does not  actually pass through  the incandescent  portion 
of the fire, and is not subjected to  the conditions necessary for the 
formation of water-gas. Further,  the  steam  has  an  important 
effect by  its power to cool and preserve the  grate-bars  and  other 
ironwork in the furnace. The steam on escaping at  a high pres- 
sure from the nozzles immediately condenses; then, coming into 
contact  with  the comparatively  hot sides of the cast-iron air-boxes, 
which  line  the furnaces, and  with  the undersides of the  grate- 
bars, it re-evaporates, and so cools the surfaces of the ironwork. 
Grate-bars have been taken from a  furnace a t  Oldham, after 5 years’ 
service, from which 5 inches of hot clinkers  had been removed 
every 2 hours nearly  every  day except Sundays  and holidays, 
during  the whole time,  apparently  little  the worse for wear. 

Forced draught secures the  advantage  that, provided the ash- 
pit  is  kept  tight,  the  draught is not affected by  ill-fitting or par- 
tially closed furnace door8, nor by  the chimney  temperatures, and 
varies only with  the thickness or solidity of the  fuel on the  grate, 
the  air-supply  being  to some extent measured to t.he furnace. But  
the condition of the fire  itself unfavourably affects the  air-supply ; 
since the  air passes least  freely  through a fresh fire newly fed, 
when  most air is required. This defect could only be con]- 
pletely overcome by some positive  air-supply,  such as  that of an 
air-pump  or compressor, which  would  be unaffected by  the com- 
paratively  small  changes  in  the resistance to  the passage of the  air 
through  the fire. 

To  ensure  the proper mixing of the gases from the new  fires 
with those from older fires in active combustion before they  are 
allowed to cool, it has been the practice to  build  the furnaces 
either in a continuous row, when Ringle-row cells are used, or in 
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a  block  when '' back-to-back '' cells are used, and  to place the 
boilers at  the end of the block of furnaces  and  independently of 
them. By  this  arrangement  any cooling of the gases is postponed 
until  after  they have become thoroughly  mixed,  and  have  traversed 
a  considerable  surface of hot  brickwork. Any loss of heat by 
radiation  is more than balanced  by the  gain  resulting from perfect 
combustion. It is,  further, more  convenient t o  have  the furnaces 
and boilers  independent of each  other,  both  for the proper  bracing 
of the furnaces  together,  and  for  accessibility of the boilers  for 
inspection,  cleaning and repairs.  Each  cell  should  not be con- 
sidered  separately, but  the block of furnaces  should  be  regarded 
as a whole, and the boilers  should be placed as  near  to it as 
possible. 

In  addition  to the " plenum " system, Mr. Horsfall  also  intro- 
duced the front  exhaust  for  the  products of combustion ; and he 
thus secured that all the vapour  given off by  the refuse in  drying 
is subjected  to the greatest  heat of the furnace. The gases given 
off by the  newly  charged refuse at   the back of the furnace  are 
caused to pass  over  practically the whole  surface of the fire 
before  escaping,  and as  the  temperatures  maintained  are such as 
to  make  the crown of the furnace  glow, the escaping  gases  are 
also subjected to a fierce heat  radiated from above. By working 
at  the  highest  attainable  temperatures,  it  is possible to store  such 
an  amount of heat  in  the brickwork  as  will  carry over the  time 
of charging  and  clinkering,  and  the  heat  radiated from the  arch 
of the furnace  sufficiently  cremates the escaping  gases until  the 
fire  again  burns up. Tests at Oldham showed the temperature of 
the vent-holes during  the operation of clinkering to be l,773OF., 
and  the  temperature of the furnace  itself,  taken  a  quarter of an hour 
after  clinkcring  and 5 minutes  after  recharging was 1,800' F. A 
further  safeguard  lies in the general  arrangement of the furnaces, 
whereby the gases  from new and old fires are mixed. 

The  front  exhaust, when arranged so that  the  openings  are 
placed in  the  top of the  furnace arch,  also  tends to prevent the 
escape of dust,  as i t  would have  to rise to a considerable height 
before  being caught  in  the  current of the  draught.  The  strength 
of the  blast  ought  not  to  be  such aa to blow dust  up from the 
surface of the fire to  the roof of the furnace. It is, however, also 
limited by the desirable rate of combustion per  square foot of 
grate  per  hour,  which has a most important  bearing on economy of 
working. In   the case of the Powderhall  destructor at  Edinburgh, 
a  further  precaution  was  taken  against nuisance  from dust  by pro- 
viding  a special  dust-catcher. This consists of an outer  annular 
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chamber and  an  inner  circular chamber or well, Fig. 6, Plate 8. 
The gases enter  the  outer  chamber  tangentially  and  swirl  rapidly 
round  it,  thereby  throwing off the  greater  part of the suspended 
dust  against  the  outer wall. Their  only means of exit from the 
annular chamber are  vaulted openings in  the  upper  part  leading 
into  the  inner chamber or well. Here  the gases have  to pass 
downwards, and  two  outlets  are provided near  the bottom, one 
leading to the boiler and  the  other  to  the by-pass flue. Cleaning- 
doors are provided  for removing  the dust,,  which  accumulates in  the 
pockets formed at  the bottom of each  chamber, and the consider- 
able  amount recovered  shows the value of such  an  apparatus, even 
when the  furnace  itself  is specially designed to  prevent  the escape 
of dust. The refuse of Edinburgh is, however, of a  specially dry 
and  dusty character. The  temperature  within  this dust-catcher is 
constantly 1,800’ F., and in new  installations of such  an  apparatus, 
in  cases where steam is to be  raised and utilized, it would be pre- 
ferably placed between the boiler and  the chimney rather  than  in 
front of the boiler. The  chimney  at Powderhall, as now working, 
is so free from smoke and  dust  that  neighbouring  residents have 
occasionally imagined the  plant to  be idle when it was in  full 
operation. 

Horsfall  furnaces  may be classified as of the single-row type  at 
Oldham, Figs. 1, 2, and 3, and of the double or  “back-to-back” 
type  at  Hamburg,  Edinburgh, Figs. 4, 5,  and 6, and Bradford, 
Figs. 7, Plate 8. In the single-row type  the furnaces or cells are 
placed side by side in a  continuous block, all  the clinkering-floors 
being  in  front  and  all  the feeding-doors at  the back. I n  front of 
the furnaces the clinkering-floor is on the  ground level for both 
types of cells, and  the dead plates  are 4 feet  above the  clinkering- 
floors. The  grate-bars  are  inclined from the dead plates a t  about 
1 in 5.  In  the single-row type  the feeding is performed from the 
back through  suitable  sliding or hinged doors by means of the 
shovel, while in the back-to-back type feeding-holes are formed 
on the  top  or deck of the furnaces, one being common to two 
furnaces, sloping  away from it on either side. In the  single 
row  back-feeding type,  the  feeding operation is performed a t  a 
mueh  lower  level than  in  the back-to-back type, when i t  is neces- 
sarily performed at  the  top of the furnace. In  the single-row 
cell with a sloping  grate  and  hearth at   the back of the  grate,  the 
sill of the feeding-door is placed about 6 feet 9 inches from the 
ground line. The  charging platform for back-feeding is most 
conveniently placed 18 inches below the  sill of the feeding-dorr, 
as  the  stoker  can  then shovel in  the refuse without  lifting  it 
[THE INST. C.E. VOL. CXXXV.] X 
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unduly,  while  he can also see the whole length of the  furnace 
without too much  bending of his back. 

As the furnaces are  generally worked throughout  the 24 
hours, while  the refuse is only collected during  about 8 hours, i t  is 
necessary to provide storage for two-thirds of the refuse burned, 
either on the deck of the  furnaces for the back-to-back type, or on 
the  charging  platform  at  the back in  the single-row  type. It 
saves labour  to  store the refuse  in a high heap, as near  as possible 
to  the feeding-hole, rather  than  to provide  a wide space for it, 
from which a large portion would have  to be  carried some distance. 
I n  most cases the  tipping floor should be a  clear height of 6 feet 
abave  the deck of the furnaces, or  the  charging platform, as  the 
case may be. Therefore for single-row furnaces, having a charging 
platform 5 feet 3 inches from the  ground  line,  the  tipping  platform 
requires  to  be 11 feet 3 inches from the  ground  line  in order to 
give  the desired convenience in  handling  the refuse. The furnaces 
are  about 12 feet  high from floor-level, and  therefore  with  the 
back-to-back type  the  tipping  platform  must be about 18 feet 
above ground line. When a  level site is adopted, the inclined 
road for  the  carts  to pass up  to  the  tipping  platform  has  to be 
formed. The  gradient for such  heavy loads should not exceed 
1 in 20;  and  therefore  the  length of road for the single-row 
system would be 225 feet, while for the back-to-back cells i t  
would require  to  be 360 feet. Another  point in  favour of the 
single row is that  the stored  refuse rests on a cool platform, quite 
away from the furnaces, instead of lying on the  hot deck. At  
Edinburgh  and Bradford, however, the  heat of the deck is reduced 
somewhat by  the use of air-conduits  communicating with  the  inlet 
to  the  blast  and formed by means of drain tiles laid at  intervals 
in  the concrete forming the deck, Figs. 5 and 7, Plate 8. In 
cases where  lifts  are employed to raise the refuse to  the deck of 
the furnaces the difference of height becomes comparatively un- 
important;  but  lifts  have seldom been adopted  outside the metro- 
polis, where  the  land necessary for the  inclined road is not 
generally available. The  natural  contour of the  site sometimes 
permits sufficient difference of level between the  tipping  and 
clinkering floors without expensive works. The  type of furnace 
to be  adopted  depends mainly upon the contour of the site, but 
also t o  a great  extent upon the  number of cells required. I n  
most cases the single-row type  will be least expensive for any 
number of cells up to five, and for larger  numbers of cells the 
back-to-back type is preferable. There is practically no differ- 
ence  between the two systems in  regard  to economy of labour. 
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On the back-to-back system the refuse, being  tipped  out of the 
carts,  lies  in a heap on the deck of the furnaces near  to  the feeding- 
hole, but  not  near  enough to block it. The following  operations 
are  then necessary for charging :-(l) The feeding-hole, Figs. 5 and 
7, Plate 8, which is practically a square  pit  with a flat bottom 
and  two arched openings  in its opposite  sides leading  into  the  two 
furnaces which i t  serves, must  be opened. If  this  pit be  merely 
filled with refuse, the  material  lies on the flat bottom  or  table, 
and,  piling up, chokes both openings, thus closing the furnaces. 
No door is used;  but if it be desired to feed either of the furnaces, 
the refuse is pushed through one of the holes in  the  side of the  pit 
and, as it were, off the edge of the  table,  when it falls  into  the 
furnace  and leaves an opening for  the  introduction of the charge. 
This is done by means of a light poker with  three  prongs, a, Figs. 8. 
The  opening  having been made, the refuse is  pulled down from 
the  heap  with a muck-rake and pushed into  the  furnace  with  the 
prong, cinders and  dusty  material  being necessarily inserted  with a 
shovel. The  pushing down with  the  prong is by  far  the heaviest 
part of the  labour of feeding on this  system,  as  the  charging 
opening soon fills unless  the stuff is continually  pushed  far  into 
the furnace. When  the  furnace is sufficiently charged,  the  pit is 
again filled, and  thereby  the  opening  into  the  furnace is closed. 

On the single-row  system the refuse lies  in a heap on the 
charging  platform;  but  in  order  to leave room for the  stoker 
to  stand between the refuse and  the furnaces, it is a little  further 
from his reach than it is on the deck-feeding  system. The muck- 
rake  has occasionally to be used here also, but most of the  labour 
is done with  the shovel, the  material  continually  falling down as 
the foot of the  heap is shovelled away. The  heavy  labour of 
pushing  in  is avoided on this system, as it is only necessary 
to open the door, and  then  the refuse is  thrown on to  any  part of 
the furnace, the  stoker  having a complete view of it,  and  the first 
spreading of the fire is also done by throwing from the back, 
more refuse afterwards  being heaped up on the  drying  hearth 
ready for pulling down on t o  the fire. When  the operation is 
complete, the  furnace is again closed by  the door. The  shovelling 
in through a back door is no doubt somewhat heavier  labour  than 
the  feeding from the deck, but  with  the  top  charging  the  refuse 
cannot be  spread over the fire, but is merely pushed blindly in, 
so that  more work remains to be done at  the  front on that system 
than  with  the  back feed. Moreover, with  the  front  exhaust for 
the  hot gases, the  heat is concentrated in  the  front of the furnace, 
leaving thQ back part, where the refuse is introduced compara- 
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tively cool. This  tends to prevent  the furnace from smoking 
during  the  charging operations, and  further it is advisable to do 
as  large a proportion of the work as possible from the cool end of 
the furnace. 

With  the single-row type,  where  the  charging platform is much 
lower thah  the deck of the furnace, i t  is most convenient for one 
lnnn to do the feeding and  clinkering of his own two or three cells, 
thus  avoiding division of responsibility  for their working. B u t  
where  the furnaces are charged on the top, i t  is usual  to  station a 
certain  number of men on the deck to feed, while  the  stokers 
below only work the fires. Signals  are  then necessary between 
the  stokers below and  the men above, by  such means  as  speaking- 
tubes, bells, or semaphores, to  indicate when each furnace has. 
been clinkered,  and is ready for  filling. The  labour of feeding 
requires less skill,  and  is sometimes paid  for a t  a  lower rate  than 
that of the furnace-men proper. 

The  work  at  the  front of the fire is similar  for both types 
of furnace ; and consists in  pulling  the refuse  forward and spread- 
ing it over the fire with a long-handled iron  rake, b, Figs. S, at   the  
commencement of the operation,  and at  intervals  afterwards,  as  the 
fire  burns  down;  and  in  clinkering  the fire at  the  stated times. 
The  large proportion of clinker (being generally  about  one-third 
by weight of the refuse) makes the work of clinkering one of the 
main  features of the  reduction process, and it is performed a t  
stated  intervals, absolute punctu9lity  being insisted upon at  all well- 
managed destructors. The  furnaces  are worked in rotation, to 
ensure  that  there  are  never  two  new fires at  the same  time, and 
thus, if any  unburned h n e s  escape from one furnace, they  are 
cremated  in  the main flue by  the  hot gases from the others. 

The frequency of clinkering depends entirely  upon  the  rate of  
working which is desired;  and it is found that from 8 tons 
to 10 tons  per cell  per 24 hours  is  the most economical rate 
of working for  a standard  Horsfall cell having 30 square feet of 
grate area. Higher  rates can be  obtained by  applying a strong  blast 
pressure in  the ash-pits, but  the fires then  burn  into holes every 
minute  or two, and  have to  be continually  stirred  and raked over. 
Then also clinkering  must be more frequently performed, and  the 
amount of refuse dealK with  per  man  per  shift  falls rapidly,  as the 
rate of burning increases above, say, 10 tons per  cell per 24 hours. 
Eight tons can be burned by clinkering  every 2 hours, and by 
pulling down twice  or  three times  between each clinkering ; and, a t  
this  rate, one man can  work three cells, both  charging  and  clinker- 
ing. If  the  shifts  are 8 hours each, and  the  pay 5s. per shift,  the 
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cost of working is about 74d. per  ton  burned;  while  the  length 
of time between clinkerings  is sufficient to ensure that even the 
least combustible  portions of the refuse are  thoroughly  burned, 
and  that  the  clinker is of the best quality.  This  result can be 
obtained  with  an  average  blast pressure of inch of water  and a 
€ire averaging 10 inches thick,  the  slab of clinker, formed upon 
the  grate  at  the  end of the operation,  being about 5 inches  thick. 

The residuum is about  one-fourth of the  bulk of the  original 
refuse, so that a clinker 5 inches  thick represents a thickness of 
refuse of 20 inches. The  amount of refuse pulled on, in, say, two 
operations  between  each clinkering  and  charging, would then be a 
layer of about 5 inches  thick each  time. If, on the  other  hand, it 
is sought  to  burn as much as possible in each  cell  per 24 hours, 
with a  blast pressure of say 2& inches to 3 inches of water  iu  the 
ash-pits,  and  clinkering  every 3 hour,  as much as 15 tons  can 
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p, zs - 3 

31 b Q 

Lx 

n 
v c 

0 

Scale, 4 inch = l  foot. 

be  burned  in each cell  per 24 hours, when  there is one man  to 
each cell in  each shift.  At  this  rate, however, each man  only 
burns 5 tons  in  his 8 hours’ shift  at a cmt for labour of 1s. per 
ton ,  as against 7gd. per ton at  the more moderate rate of working. 
Moreover half an hour  in  the  furnace is not  long enough to  burn  the 
less combustible parts of the refuse, and  the  clinker  will  not be so 
completely fused. Further,  the excessive blast blows quantities 
-of fine dust  up off the surface of t,he fire, which  adhere to  the roof 
.of the furnaces and flues, or otherwise are  sent  out of the chimney, 
i n  either case a very objectionable  matter. Jf  the  blast is kept 
strong  enough  to  maintain  the  supply of dust, it accumulates very 
rapidly,  and forms inconvenient excrescences, which  are sometimes 
called ‘‘ stalactites,” and  which  have  to be frequently broken off 
and removed, thus  abrading  and re-exposing the surface of the 
brick-work. 
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Experiments comparing the  results Lf different rates of burning 
were made a t  Leeds, under  the supervision of Dr. Spottiswoode 
Cameron, Mr. George  Darley and Mr. Putnam,  in 1894,' in which 
as much as 26; tons  were bm-ned in a single  Horsfall cell, having 
35 square  feet of grate surface in 24 hours. Considering the  great 
diversity  in  the  rate of wages  paid to  refuse stokers, the perform- 
ance of different furnaces should  be compared as tons  per man 
per 8 hours' shift, or, say,  tons per man  per hour. It requires 
considerable skill on the  part of the stoker to break up the mass 
of clinker,  and  to remove the  large  lumps from the  furnace ; first 
turning  them over with  the chisel bar, so as  to  shake off their 
upper surface the red-hot ashes which must  be left  in  the  furnace 
in  order to  start  the  new fire. 

The difficulty of properly  and  quickly  igniting  the new charge 
is one of the  greatest obstacles to  mechanical stoking.  The refuse 
is poor fuel, and it was found by Mr. Horsfall, in some experiments 
he performed a t  Leeds, that it is  very difficult to  get the  fire to  

Figs. 9. 
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creep back, as  the refuse  creeps  forward ; and  the only possible 
method is to  traverse  the  bars so slowly  that  the  duty of the 
furnaces becomes insignificant. Moreover the motion of the fire- 
bars  tends to riddle  through  the  small red-hot  cinders,  which are 
necessary for lighting  the  new charge. Mechanical feeding, as 
distinguished from mechanical clinkering, was performed success- 
fully by Mr. Horsfall ; but  in  securing  that  result  the feeding was 
intermittent  after each clinkering,  and  this  syshm of charging 
and clinkering  is  likely to survive  in  regard t,o the  burning of 
refuse, even if mechanical appliances come into general use. 

The tools for clinkering become very hot,  and must therefore be 
atiffto  prevent  bending, a, b and c, Figs. 8. It has been found an  im- 
provement  to make the handles of these tools of steel. tube.' The 
clinker is allowed to  fall  direct int.0 an  iron barrow, Figs. 9, placed 
below the  clinkering door, in  front of the furnace, and is then 

Sanitary Record, 9 October, 1896. 
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wheeled out  to  the cooling floor and  tipped to cool. It is usual to 
turn off the  blast  during each of the operations of charging  and 
clinkering.  The  principal use of the  drying  hearth  at  the baok of 
the  furnace  will be apparent from the above  description. Even  if 
it be not  required for drying a  portion of the refuse before it is 
drawn on to  the fire, it is necessary for holding a  reserve of refuse 
to  be pulled on between the operations of clinkering. 

The  amount of refuse varies  greatly  in different districts, 
hut  approximately $ ton  per head of the  population per annum 
will be collected. From 10,000 inhabitants,  therefore, 2,500 tons 
per  annum  will he collected ; and  taking 300 working days in a 
year,  there  will be just over 8 tons  to dispose of daily. This 
would necessitate one destructor cell to each 10,000 inhabitants  and, 
in  an  extensive experience, this  ratio is found  a fairly  suitable 
basis of calculation where precise data  are  not  obtainable.  Where 
6 days a week only  are worked, i t  is usual  to  bank  up on Saturday 
night  at 10 o’clock, and  to start again  at 10 o’clock on Sunday 
night,  and it is found that  the fires will  remain  alive for even 
longer periods than  this when necessary. 

The Oldham 1 destructor,  which was the first installation  (apart 
from a small  experimental furnace)  erected  on the Horsfall 
system,  is of the single-row type,  while those a t  Hamburg, 
Edinburgh,2  and Bradford are back to back. The  site  at Rhodes 
Bank is on a  level with  the  adjacent  street,  and is about 1,827 
square  yards  in area, including  the space on which  the  new 
boiler is placed, and it immediately adjoins the Horso and 
Provender Committee’s premises on the one side and  the  central 
electric  lighting  station, also belonging  to  the Corporation, on 
tho  other, Fig. 1, Plate 8. Steam is drawn from the  destructor 
to both of these departments.  The  plant is surrounded on all 
sides by  rising  ground  to a height of 100 feet, or thereabouts, 
quite covered with houses, and it is situated ouly a short distance 
from the Town Ha11 and  the main business part of the town. In- 
habited houses line  the side of the  street opposite to  the destructor. 
In the  first  instance a group of six cells  was built  and  set to  
work in  February, 1891. The boiler was of the  multitubular 
type, 7 feet in  diameter  by 12 feet long, with 3-inch tubes. A 
conduit formed of old iron boiler-flues, and  having  an effective 
area of about 93 square feet, led  the gases to  the chimney already 

See Engineering for 22 January, 1S97. 
* See The Engineer for 26 August, 1898. 

See Engineering for 12 August, 1898. 
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existing on the site, Fig. 1, Plate 8. The tipping-floor was 
formed by  paving  the  top of the furnaces so that  they were 
subjected to  vibration from heavy  carts; and common local fire- 
bricks were used in  the  linings.  The arches of the furnaces were 
very  flat,  and  the main flue was formed by a flat  arch  traversing 
uver the  top of the furnaces  lengthwise. The  temperatures 
reached  were far  in excess of the  anticipations of the  inventor, 
the furnaces and flues being  constantly a t  a glow-ing red heat,  and 
sometimes exceeding 2,000' F.l I n  spite of these  severe con- 
ditions  the  plant worked  well, with  practically no repairs,  for 
17 months;  but  the  heat  and  vibration had their effect, and a 
short  length of the flat arch  forming  the main flue over the 
furnaces eventually failed, thus  causing a stoppage of the  plant. 
The  six furnaces  were then reconstructed with  the main  flue 
below the feeding hearths of the  furnaces  instead of over  them ; 
ordinary local  fire-bricks being  again used  for the  linings. 
Advantage  was  taken of the stoppage to make  a  new  inclined 
road, Fig. 1, Plate 8, with a more moderate gradient  than  the 
old one, and also to lower the feeding  platform to  its present 
position and  to  substitute  sliding feeding-doors for the old 
method of feeding  through a kind of funnel,  which was closed by 
choking it with refuse. The feeding  platform is 11 feet wide by 
6 feet below the level of the  tipping floor. The  bin so formed 
has a  capacity of about 260 cubic  feet behind each furnace, when 
the muck is well heaped up, and  as  the Oldham  refuse measures 
40 cubic feet  to  the ton, this  is  equal  to a  storage of about 64 tons 
behind each furnace, or, say,  two-thirds of the maximum amount 
required  to be burned  in 24 hours. 

After 2 years and 10 months' working  repairs became  neces- 
sary  to  the six-cell group;  and  they were then  further im- 
proved by  the  addition of side air-boxes, and  the  upper portion 
of them  was reconstructed to  their  present form. In the mean- 
time the  group of four cells had been added at   the end of the 
existing  tipping platform, and these differed in some respects from 
the six-cell group  as  originally constructed.  Improved rocking 
grate-bars of the  Settle  type  with finer  spaces  (about inch) 
were put in; and for the  linings a more refractory brick, con- 
taining  about 70 per cent. of silica, was used. The  furnace arches 
were built of large special blocks throughout; those in  the  front 
part of the arches having round rents  forming  the  exhaust for the 
products of combustion. The  steam  blast was of the  round 

See also Engineering for 16:and 30 September, 1892. 
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nozzle type ; but  an  improve1 form of trumpet  was used, and 
two were applied to  each furnace  instead of one as before. 
Hardened tool-steel nozzles were used instead of brass, which  had 
been  found  to  wear larger  very  rapidly.  While these alterations 
gave  an  improvement i n  efficiency, the noise caused by the blast 
was  not obviated. It has been found in  testing  these four cells 
that if the two  blowers in  the  ash-pit  are  not  working  quite 
equally, owing to a slight  difference  in  the size of the orifices, or 
to a readier access for the steam to one or the  other, or to  the 
action of the wind, the  stronger blower overbalances the weak 
one, causing it to  deliver  little or no air,  or even to blow back. 
This can be to some extent avoided by so designing  the  trumpets 
that  the velocity of the  air delivered is considerably above that 
necessary to produce the  required pressure  in the  ash-pits;  but 
the difficulty has been overcome in  later constructions by  the 
adoption of adjustable nozzles, which  can be set  to exactly  balance 
one another. 

At  the  time  that  the six-cell group  again needed repairs,  after 
nearly 3 years’ continuous working, it had become evident  that 
the old  chimney, and  the main flue leading thereto, were 
inadequate  to  deal  with  the gases from the  ten cells, in  addition 
to the electric-light station boilers, and it was  therefore decided 
to  build a new chimney for the destructor. I t  had been demon- 
strated  by repeated trials  that a large  amount of power was 
available from the  destructor gases, and  the adoption of a high- 
pressure Lancashire boiler, 8 feet  in  diameter  by 30 feet long, in 
place of the old multitubular boiler was resolved upon by  the 
Corporation;  and also the  addition of a Green’s fuel economiser. 
The work was accordingly put  in  hand,  together  with  the  repair 
and  improvement of the six-cell group, which  was damped down, 
and  the four-cell group  was coupled direct  to  the  existing  multi- 
tubular boiler independently by means of a %ue of rectangular 
section, 2 feet 6 inches  wide, by 4 feet 3 inches high,  and 54 feet 
long from end of furnaces to boiler front.  This flue was built 
with hollow walls, forming  an  unventilated air-space, for the 
purpose of preventing loss of heat  by radiation. The  inner  wall 
of fire-brick, and  the  outer  wall of  common brick,  were  each 
44 inches thick,  and  the space between  was about 2 inches. The 
flue was covered with 6-inch fire-brick quarries.  The object was 
to keep  the old boiler going as long as possiblc, and  to  maintain 
steam for the  blast, one mortar-mill, and for the machinery in 
the horse and provender  department, even while  the rest of the 
plant  was being  reconstructed. It was found that  the drop in 
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temperature from one end of the  0ue to the other averaged 
505" F.; being 2,090" F. at  the furnace  end, and 1,585" l?. at  the 
boiler front,  and  the  steam  was easily maintained at  80 lbs. 
pressure  for all purposes. A supply of' steam equal  to  about 
50 I.HP. was given right up to  the  time  when  the old boiler had 
to  be removed to complete the  seating of the  new one, and even 
after  that  the four-cell group was kept  going  under  natural 
draught  by means of B temporary flue connection direct  to  the old 
chimney. Also the  sir-cell  group was dried  in a similar  manner 
after reconstruction by means of natural  draught from the old 
chimney,  while the  new boiler-seating and flues were  being 
constructed. The construction of the  new boiler and  the chimney 
and flues was  meanwhile proceeding. The  chimney is round, 
120 feet  high,  with  an  inner  shell of fire-brick and  an air-space, 
both  extending  to  the top, the air-space being provided with 
grates  at bottom and  top for ventilation; it is thus  kept cool, and 
110 cracks have appeared. The cap is formed entirely of brick- 
work, and its upper surface is curved so as t.0 direct  the  impinging 
wind in   an upward direction. 

The economizer consists of ninety-six  tubes  without scrapers, 
which have proved unnecessary owing to the absence of soot from 
the  furnace gases. The by-pass from the economizer had  to  be 
carried underneath it, Fig. 2, Plate 8,  and  at  the  point  where 
the flues part  two  dampers  are  hung on the same vertical spindle, 
one below the  other,  at  right angles to one another, so that when 
one is open the  other  is closed. The  dampers  throughout  the 
works  are of cast iron,  with  carefully proportioned r i m ,  and  ribs 
tapering from the  centre, so as  to avoid distortion  in  the heat. 
They  are  hung on ball-bearings, and provided with a tootl~ed  rack 
and  clip  to fix them in  any position. The dampers in  the flues 
behind  the boiler  have stood well, and can be  turned  with a very 
slight pressure of the  hand;  but those in  the  greatest  heat  have 
not been succeBsfu1, as they  are found to  warp  and crack after 
G months' use. Even if  a damper is made which will draw  out 
of the  heat  when not in use, it is found to warp  and j a m  the  first 
time it is let  down;  and alao as it is  generally found that  the 
damper is required  to  be  only partially open for long periods, 
the  iron framework is soon burned away. Rods are provided 
for regulating  the steam blast,  either from the back or the  front 
of the furnaces. The  blast  apparatus adopted is of the  type 
devised by Mr. C. W. James,  in conjunction with  the  Author,  in 
which  the steam-nozzle has a flat  adjustable orifice from which a 
ribbon  instead of a plug of steam issues. If  the  air is carried 
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through  the  trumpet,  mainly  by  surface  friction between the 
issuing  jet of steam  and  the  surrounding  air,  then a Aat jet 
should have a greater efficiency than a  round one of comparatively 
large diameter. This is found to  be  the case a t  Oldham  and 
elsewhere. 

Dry steam is secured by  wire-drawing it through a reducing 
valve from 130 Ibs., which  is  the  normal boiler-pressure, down to  
70 lbs. per  square  inch,  which  is found to be  a more economical 
working pressure  for the  jets.  There  are  two  blast nozzles and 
trumpets  to each  furnace, Pig. 3, Plate 8, one a t  each side, deliver- 
i n g  into  the side boxes, and  they  draw  their  air from the  tunnel 
beneath  the feeding-bin, and  thus  the noise of the  jets is so muffled 
as  to cease to  be  any inconvenience. The side boxes have  separate 
face-plates, which can be renewed  from time  to time, as they  burn 
out. It is found,  however, that  the  steam  and cold air  passing 
behind  them  protects  them so efficiently from being overheated 
that  only fifteen new  plates  have been required  in  the 2 years  and 
2 months, during  which  these furnaces have been at  work. As 
each furnace contains eight plates, their  renewal is only a trifling 
expense  compared with  the cost of repairing  brickwork sides. 
These side boxes have  the  great  advantage  that  they prevent the 
hot  clinker from sticking  to  the sides of the  furnace,  as it always 
does to brickwork, bringing  away pieces of the  brick  with it 
when it is removed, and  thus  undermining  the  furnace crown, 
and  letting it fall  long before i t  is really worn out. The 
side boxes, besides preventing  this action, render  the operation 
of removing  the  clinker easier, and also heat  the  air  in its 
passage. The  vents for the  air  are  all  beneath  the bars,  and are 
so arranged  as  to  deliver  the  air-supply  very  evenly  into  the 
ash-pit. 

The  ash-pit  temperature,  with  the old system of steam Llast 
delivered direct  into it, was 130' F., while  with  the cast-iron side 
boxes it is very  much  higher.  At  Edinburgh  and Bradford, 
where  the  air  is first heated  to some extent  by  its passage along 
the  hot-air  duct, before reaching  the side boxes (in  which it is 
further  heated)  the  ash-pit  temperatures  are fonnd to be about 
400' F. The  clinker doors of all  the  ten furnaces are of the four- 
fold hinged  type,  with a  division in  the middle. This  arrangement 
makes it somewhat  more difficult to withdraw  the  clinker  than 
when doors the  full  width of the  furnace  are employed, and i t  is 
also open to the same objection as  the old-fashioned flap door, that 
the open door exposes a  red-hot baffle plate  which  radiates  its  heat 
on the stoker's face. These considerations led  to  the  subsequent 
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adoption at  Bradford of a full-width  sliding door with  vertical  lift 
and balance weight, Fig. 7. Plate 8. This door is  lined  with 
43 inches of firebrick and consequently is always cool, and up  to 
the present it is found quite satisfactory. The  staying of the 
furnaces was carefully  arranged  with tie-bolts  only at  the top and 
bottom and vertical backstays of H iron,  pressing  the  longitudinal 
stays  to  the  furnace Sronts. In order to make  these  backstays bind 
against  the middle of the furnacc, they were given an inwa,rd 
camber, and,  when nipped  up, they were pulled  straight  by  the 
tie-bolts. The  ten  furnaces  had  eventually  to be  stopped fur a 
fortnight,  while  the  temporary flucs were removed, and the  new 
lwttress chamber ancl permanent flue-work  constructed. ‘I’he 
mattress  chamber  is for cremating  bulky  articles such as baskets, 
carcases and worn out bedding, and is simply an enlargement of 
the  main flue placed at  the  end of the six furnaces,  and provided 
with a large  opening covered by iron-plate doors on the deck 
level, and also with a  bottom cleaning-door for  removing the 
residuum.  The passage of the gases through it is found quite 
effective in destroying  the  articles  put  in. 

During  the 2 years since the completion of these works, the 
whole plant  has continued to work sat,isfactorily. The  destructor 
began t o  supply  steam  regularly  to  the  electric-light  station  in 
the middle of March, 1896, at  the  required pressure of 130 lbs. 
per  square  inch,  and  to  the  extent of about 115 I.HP. (reckoning 
20 lbs. steam  per LHP. per  hour),  this  being  the  first  instance of 
the  supply of high-pressure steam  raised by  the  burning of refuse 
to a central  electric  lighting  station for public  supply.  The 
installation of a second high-pressure  Lancashire boiler, of the 
same dimensions as the fist, is the only alteration of the  plant 
which  has since been made, and  the construction and  setting of it, 
and  the necessary flues, was carried on without  int,erfering  with 
the  working of the  existing  plant  until  February, 1898, when  the 
four-cell group  was stopped for a few d a p  in order to couple i t  to 
the  new boiler. As the  plant now stands,  either boiler can be 
coupled SO as  to perform any  part of the work ; and  they  join  in 
contributing  the whole of their steam to  the  electricity  station when- 
ever required.  The boiler of thc four-cell group is provided with 
a separate  Kennedy  hot-water  meter,  and  its  output  is registered 
daily.  Either boiler can be  fed by a feed-pump, or inject,or, or 
both, either wibh hot water  through  the economizer or with cold 
water  from  the  town  main  or from the reservoir. The  hot gases 
from both  groups  join in  front of the economizer, through which 
the whole or  any proportion of them can  be passed. 
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The  capital  outlay upon the whole installation  has been as 
follows :- 

L S. a. 
Land . . . . . . .  2,175 10 0 
Works . . . . . . .  7,699 S 0 

Total . . .  9,874 1s 0 

The cost of repairs averages 2 . 5  per cent. upon the  total  capital 
outlay  in works, apart from land, from the  year 1891 to 1896 
inclusive. 

Even more favourable  results,  as  regards maintenance, are  being 
gained  with  Horsfall furnaces elsewhere, and it may safely be 
laid down that 5 per  cent. on the  total  capital would be sufficient 
to cover depreciation as well as  repairs on a  well-constructed 
plant, or say 10 per cent. on the cost of furnaces,  boilers and flues 
taken  separately. 

The cost per ton  burned  in stokers’  wages for the  past 12 months 
is 92d.; the men being  paid 30s. per meek of six 8-hour  days. 
The  nett cost per ton burned,  after  crediting receipts for mortar 
and S65 a year saved to  the  Horse  and  Provender Committee in 
coal alone, by  using  the steam for chaff-cutting, &C., is given 
as 1s. l?$. per  ton burned. 

The Author’s estimate of the  saving  in coal to  the  electricity 
station,  apart from any  saving  there  may be in stokers’ wages, is 
6-37. per  ton of refuse burned,  thus  reducing  the  nett cost of 
burning  the refuse to 7 * 2d. per ton for all charges. 

The following approximate  statement shows the steam now 
used a t  Oldham, it being  all  at  about 130 lbs. pressure per  square 
inch :- 

Steam from new  boiler  to  electricity  station 2,985 
,, to  horse  and provender  department, say 20 LHP. =say 400 

,, from old  boiler  to  electricity  station,  say, in  daytime  480 

Lbr. per IIonr. . . . .  
.. to  two mortar-mills, say 50 I.HP. = say . . . .  1,000 

.. jets of all  ten  cells, ,?ay . . . . . . . . .  1,800 

Total  6,665 
-- 

. . . . . .  - 
TVhen the  mortar-mills  and  the  machinery  in  the horse ancl 

provender department  are stopped at  night  the  amount of steam 
available for the  electricity works is 4,865 lbs. per hour, or, 
reckoning 20 111s. steam per I.I-IP. per hour,  say 240 I.HP. Thus 
it appears  that about 70 I.HP. is used for mortar  grinding, &C., 

during  the  day of 9 hours, in addition to a  small amount  for 
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running  the  day load, and  charging  the  accumulators  at  the 
electricity  station, while, say, 240 I.HP. can be used for, say, 
6 hours at  night. 

I n  considering these  results, it should  be  borne in mind that 
the  plant was not  originally  laid  out for  steam-raising, and  that 
the Oldham destructor  was  not  only  the  first upon the  Horsfall 
system supplied to  any corporation, but  was  actually  the  first 
high-temperature  installation erected anywhere. 

The most recent example of the back-to-back type of furnace is 
the twelve-cell destructor a t  Hammerton  Street, Bradford, Figs. 7, 
Plate 8, of which six cells started  working on the  20th September 
1897, the  other  six  being  set  to work on the  31st  January, 1698. 
I n  these furnaces two  blast flues or air-ducts are  built, one a t  each 
side of the  main flue, and divided  therefrom by a  14-inch wall. 
These flues communicate through  suitable  openings  with  the  side 
air-boxes, and valves are provided for starting  and  stopping  the  blast 
to each  furnace. This  arrangement of furnace  is  to a great  extent 
on the  regenerative principle. Any  heat  radiated from the main 
flue is received at  the  top  by  the refuse on the  drying  hearth,  and 
a t   the  side it is received by  the  air for the  blast, which is warmed 
there  and  in its passage through  the side boxes to 400" F. Thus 
practically  all  the  heat  radiated from the main flue is carried 
back into  the furnaces. The  air  is delivered into each blast flue 
by a large steam-jet apparatus, which is  built  into  the  down-take 
flue at  the  end of the furnaces. There  are  two down-takes, one 
for  each blast flue. At  the  top of the  down-takes  are  iron hoods, 
so arranged  as to draw  the whole of the  air-supply from the deck 
of the furnaces, thus  tending  to keep i t  free from any smell 
caused by refuse arriving  in a stinking condition. The  furnaces 
are  fitted  with fixed straight  grate-bars  having fine spaces 
(& inch), as  are also those at  Edinburgh,  and much better  results 
have been attained  than  with  the  rocking  bars  hitherto used. 
With  these  bars  the  air is much better  distributed  and  the fire 
does not  burn  into holes so quickly  as  with wider-spaced bars; 
and  another  great  advantage is that  the  amount of fine ashes is 
enormously reduced. The  frequent removal of fine ashes from 
the ash-pits, which is found necessary with large-spaced rocking- 
bars is a most inconvenient  operation  and  greatly increases the 
labour of working  the furnaces. The  grates  are 5 feet wide  by 
6 feet  long. 

The cost of labour in  working  the  twelve cells is, at  the  date 
of writing,  returned officially as 5-6d.  per ton, which is the lowest 
figure yet recorded of any  destructor so far as  the  Author is aware. 
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The men work 12 hours a day,  and  are paid 28s. a week for 53 
working days. There  are  twelve men, six  in  each  shift,  three 
working one block of six cells and three  the  other; one filling and 
two  stoking each block. 

The  amount  burned is 10 tons  per cell per 24 hours, or, say, 
120 tons per  day total. The  blast pressure in the  ash-pits is about 
1; inch average. 

The  Author begs to  acknowledge his  great indebtedness to  his 
Worship  the Mayor of Oldham (Mr. Alderman Waddington) for 
permission t o  give official figures regarding  the cost and  working 
of the  plant ; and to Mr. W. Jessop, Superintendent of the Ashes 
Department, for his kind assistance in  furnishing  the information 
and  in  granting facilities for trials from time  to  time;  to Dr. 
A.  B. W. Kennedy, M. Inst. C.E., Consulting Electrical  Engineer 
to  the Corporation, and to Mr. T.  Wilmot  Newington, Borough 
Electrical  Engineer; also to Mr. J. H. Cox, M. Inst. C.E., City 
Surveyor of Bradford, who supervised the construction of the 
destructor,  and Mr. J. McTaggert, Engineer  and Manager, for the 
facilities and valuable  information  kindly afforded. 

The  Paper is accompanied by nine  drawings, from which 
Plate 8 and the  Figures  in  the  text  have been prepared, and  by 
Appendixes referring  to  trials of installations embodying the 
principles described. 
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